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Abstract 



PROBLEM TO BE SOLVED: To allow low power consumption driving and stable oscillation, 
by adjusting the threshold voltage of a transistor in an oscillation inverter which constitutes an 
oscillation circuit. 

SOLUTION: A quartz oscillation circuit constitutes oscillation inverter group 10 with 
oscillation inverter units INV1-INV3. Transistors NMOSQN4 -QN6 and PMOSQP4 -QP6 , of 
the oscillation inverter units INV1-INV3 are formed with different threshold voltages. 
Selection control circuits 20P and 20N comprising selection control transistors PMOSQP7 - 
QP9 and NMOSQN7 -QN9 adjust the transistor outputs of the oscillation inverter units INV1- 
INV3 among the oscillation inverter group 10 to an optimum voltage. Thus, oscillation 
operation is stabilized for a longer life of a battery. 
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[0 0 3 6] Uf^ot, ft*£3K4e©ft&lsIR£.t 

jfJ^-r5Cii:i s T*#S©T*> «®*Wc«fc6> 

Hfif33lif?[HlS§4.B?fa^^ hlUSSi: 
[0 0 3 7] 4 13«6©^S[§S&tt> »*S 3 (Cia 50 
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[0 0 3 8] bfctf^T, iS#E4K«©*HSI3fcCJ; 

tifcf^ fllBT 1 -^ h-ffl^y h'^OEpAo^EClI^fc-tfC 
i D, s5f3^^ MlBCfc iiufag-l&IEffl-f wt-^ 

[0 0 3 9] M$JH5aBtt©«?g|E]fttiU §S*IJ|17J2 
4©v^m*»CIB«©W«jSiK:*nit, iffl331W[l]SS(i, . 

><v Kfc8SK<*ft&, «R©lWtflHl»&$*, 11513*$: 
0#ffiEI&fcJU ^7a-X, y.^jElt* 

[0 0 4 0] Lfe#o-r,- »#«5K«©aas[Hi»cj: 

[0 0 4 1] if #11 6f3«©#gS@S§{±, If 1 

"■eflBEKstifcss i (Damm* mmm 1 ©ra 

IIEJ:ttR«:5»2©(WtE*lft5 h7>^* 
1 SlfJB 2 © Wfit«E 4: tt* ft « SS 3 © Hifi«BE * * f 

s h7>^^*^T?«j«*n&i«a©«iifflw>^ 

'[0 0'4 2] C'fc**r3'Tr:»*S6jE«©*lIlHlKt J: 

a/^-e** h5>^*£fc#tr3o©*8fiflH:V^— * 
©^*>> mlia^Sffl-f >^-^C«En4 V-^ FK > 

hbT©^aj7J<£«®^tt^t^-SCi:#T-*, <£tN 
gli77fb* s Hn5« 

[0043] sf*Ji 7 tsmoa&m&OL. tmm 1 * & 
tt 6 ^i3«©^^tjox.^ mJia'^^igffl-r >^-^© 

Hiiv-YXi, f lOlttffl^ iuian i©«(3i4:<i« 
ffiffljia:5*2©*iliffi!lt:»i«s*ns ^IBIK£lBlBa> 
fiSEJe lffl*fflfc«rlB!B2©«ffiK:j:a«flaift*r3 
T> *BB*ff«:at»©-CfeSc:4:*Wai:-j-4. 
[0 0 4 4] Uti s ^>t, if#iI7I3«©#g?ia£]E&£<fc 
n«> BufB^ffl-f Wt-^©tg«S]S!fgBS 1©*» 
mif3;£*Eh©F^T-fT&dc£:#T-#3£to, mffB 

[0045] it &m 8t&m<D%mm&tii. §f#« 7 {^13 
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%m fit i 0 * x s ^ * © t- h 3 3 £ £ -r z o 

[0046] U£#-3T> »*5i8iB«©f6filHlKlcJ: 
[0 0 4 7] If 5Rifl 9.8Btt©*B£lEl%Uu If *« 7 $ & 

■SfcftK, itusBSg l©«u£iut3SI 2 ©*{££££«& 
[0 0 4 8] IfetfoT, Sf*B 9 E«©*tEllBHC J: 

[0049] §f *ib i o Mm<Dfew,fcft£®m£, —w 

Hfitt«ffi#**J*&4*»©l^>5?;**£«#, V^iT 
ES£> lffiia£*miM»III»©#iB«E* s -#©*lll ; ?'N© 

^7 y 7 4:, -SHI #itu!2/t*E$iJ$J [elS&O iiuf 3# h 5 > 
5?;**©flfe^fc:S8K;**U -ffe^tf^CflWaWCS 

[0050] l^a^t, sf*«ii oaaa©^«E«^ 

[0 0 5 1] If *« 1 1 IB*©/£S;flE^£0E&tt, if* 
h"f So 

[0 0 5 2] UfeA^T, f»*lll ll31fflSlE»4 

[bIE&C <tnii\ milBSiRlHlSSt: «t K> ^ iiuf3Sa& h 7 > 

[0 0 5 3] fit #H 1 2 IB«0^«E^*HiSStt> 8f * 
ill 1 {llB«©^^tcJQ^, SugB^aE^lHlSStt^ 
=*«r?i:g&IS63*ft5i:i:*fc:, MeIES^Ir]-©* 
«±lclftfr6*u tfcSigfcfcwt, buIB^;* MelSS 
0:, l»8E£«EflJ»l§IBfc*tt S# h 5 > ^ SriiiR 
U ffigB£«EfiiiJffii(aI & £ #l*5Sh5>y**K:.fc3 

i±5^«e & mm* c t jij^-r s c t c j: 
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[0 0 5 4] LTzifirsXs §ff*Jf! 1 2 13«©/£11E|g£ 
[0 0 5 5] |ff*ll 1 3 8B*©j£*ESB£@»fcfcv-Wiai 
[0 0 5 6] LtzifiiX, m&mi 3I3«©^«E^ 

mesctntis mm^x bm^v h*^©EPiD^E©ffi^ 

[0 0 5 7] IfsRll 1 4gB«©j£«BES6£lHl»ttx if* 

^.s SuHBStRIlSgiis S5l3^SE$iJ®leIE&{c:*5{tS«5I3 

a«©b5>^^i:*f*csutJBfiii*n, *>o«m©^ 

© -5 *» © V ■« -T tt A J loS $<^x bus3^ 1 >>- h* ^«E ?r EP AD 
30 [0 0 5 8] UttftJt, 4©*«E*^lslB 

©o-rn^io^^tf^is^^a-rsciitCctt), $s 
^iuiB^M^f >^*-^ fcajR-r«a**@BS£«rii-*-« 

[0 0 5 9] ft *il 1 5 IB*©«*E^^Ie]SStt, If* 
ill 075M1 4©^-rn* i CI3*©#Si^{c:inx., iu83 
««E»JjWlsIKH:, f4©MItE^ft5h7>^ 
iut3il4©STO«Ei:ttK&3fg5©P^ffigEE£ 
Wt5h7>^^h fflE*4Zilf»5 0Hfl[«flEfc 
40-.ttJI«e4!B6©M«[«E*#-r6 

< £ #SU83 h5> 5?^ * fct-JStfUtfSg 1 ©«{i 

[0 0 6 0] bttf^T. lf*iMl 5I3«©«*E^^ 

©gSfi«E©g&£ 3«a©b7>y^^CJ;4^«BE 

fiIS:^-^^^(3TjSiJ^1-3-i:* 5 T-§S©T-s ftifi'S 
> 7 > y ^ ^ ^jitRf 3 d A S T- # > »a SfeffCW t> & 

50 T> fg«g«^^«E^f#-5^tA s T-^5o 
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[0 0 6 1] |f*il 1 6K*«£*flE*£laIKtJ:, if* 
ill 0 75S1 5©d*ov^-rniPt:|B»04#a^Cin 

[0 0 6 2] Lfctf^T, ff#Hl 6IB«©^SE^4 
@S&£iftfct\ ffiK#ftfi@K©$fi©l$ttfc:jsSDTiiir2a£ 

[0 0 6 3] if 1 7 f3«©*«ffc8Sfc^ ^iSIUSS 
i:. £«E#g£[HS§h, b@»fc*£tMMlW*SlE« 10 

tiSSSlfiflH mJl32&SflW W*-*»tc 

HwejbtEEfs^iHii&Bu -amna** 1 ©m& 20 

88H5£*u flb^#*2©«ffi{Hfc:sa*3;fu mli32f--< 

100 h 7>^^^sffliR-r5^2oa^iHiss 30 

ituta^;* h @S&tt> Bua3^ii(H]SS*3 i^mi 
H3**E^£l]i&h**}gM£ft3 huI3*« 

8Wa*> a - h *«E«Ji£»fc:, Su83^^ b ffl^ y |^\©Ep 
Ut, !9iB# ^^^©ffi^mE^fWIB^-^iffi? 

«E^lH]ISrt©^«E$iJffll[H]SS{c*<t 4-h7> * 
[0 0 6 4] Lfc^t, ff*lSl 7iB*<0**flE«« 
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fcH*©4';& i £>gS£:S> a— h*»ftfc^«E©ffi^t)-B- 
f -H©Mgm±Kb£@5Cii:#-e£ 

[0 0 6 5] 1 8 iirnvm^mm^mnai*, mm 

II 1 73S 9©^rft*>ffl$S«lHl»£$^ buI3^JS@SS 

[0 0 6 6] Ufc^t, lf*il 1 8 E*©«Wffl«? 
WSCiftli, «WB«?»8©«3ttI&oSfi:j:e> 

■*\ ftMRM >^'-^©ilj^v-t;>^s6#uoo, « 
^@SS©ffi?S»S7J{b* s Bin, «a?JB« : ?*»K*n 

[0067] mmm 1 9 tsmmm^mm^mstt. mm 

mi 8CI3«©»ajfelciD*, miI3^S[elSg-N©#t*&* 

[0068] ifctf^t, if *s 1 9 (Dm^mm^mm 
t«tn^ se»^ «^©*mE£tuf3«]S[isg{;:«,i& 
tscfctft-istfe, « : ?0B5©<a^»**Ybi» i ian 

So 

[0069] if mm 2 0 i3«©Btff-(±, if *js 1 .9 c ib 
«©i*»j*icjn*, af««i75S9©^m*»ffl«fiiii 

[0 0 7 0] UfeAbt, If*il2 08B*©«ftft«tn 
ttx Rfff-©«a«&r3&K:J:e>^ 

[0071] nt#m 2 1 ia«©B#i+(i> it mm 2 0 ce 

«©#®^K:Jdx> Suffi«*6@»'N©#*&«EfcJI£j8-f 

as? 1 0 1 6 ©v^-rn^©^SE^[H£&<£^ 

[0 0 7 2] Lfctf^T* lf5Ria2 lI3«©Bfttt«tn 
ii, ^e.tc> «/J^©^«ES:'a!JE*filHllSttftl&f fid 

kOTSSfcS), Btttms&ojgfiSit^ib^Htis. 

[0 0 7 3] 

[$fiiy§©!Qfc©JB!B] **9i©»a*S6K©JBll8 
[0 0 7 4] <nm<D¥M l>H2ttt, ##£BJ3cD$fig 

— 7 , ©K«ftt-Cfi6ffl*ns*il«JBigK-?fe 
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[0 0 7 5] *nm<DB16(Djkg&BEWi&. «©& 

jssu #oiiiisa$sjBflH b%mi&-rzp 

MOS/NMOS©&BM*ES\ SSagflH Wf— * 

£A s T-£-g>J;dSe Lfe&© 
[0 0 7 6] |2]2C^$n-57k^ffiIeIS&iCOV>TiteB§ 

zmioh, m&sgmw&z op, 2on^ TKssn io 

(M6K±lCJKJ«3ftTlo5 I C^-y^CJBfiE;* ft £'*>■© 
^£ft"Cfl33;*ft;fe*>©"e&S. BUsH?^— hVN'y ^ 

Cd, C G £$A,T-#M;**u «fB-fWWSl 0© 

LTfBfifiH 1 0 ©»©#gJIflH . 

V MNV lO-y— — hvtv^A^-T-St) 20 

[0077] mt^mmj >^—$>m i o keiitou 

PMO SQP 4 i:NMOSQN4&^tr^ lOflfiffl-f 
^•;HNV1, PMO SQPsilNMO SQN5$r$tr 
|2iS*Sffl : f^-ra='yHNV2 ) PMOSQP 
6^NMO SQN6£^tr£3©$8H/!H h 
INV3 *5^^tlTV->So 

[0 0 7 8] *LT«8fiffi-f>/^i-» MNV 

i~3«±, *n*ftm©*ffi«i:£*i..fct>*>flsv'»*E 

©3S2©«CMB!ICgMB#*u ffi«ffi©«tfc£K:J:»>*# 30 

*HDfi©JBjB©*ft«tBIlKt:*v\TO:x lUSBtg 1 ©« 
0SS*^ * n 4 ft ©5E«E V regie K£ $ ft T V ^ 

[0079] cine>©«tBffl-f o*«fiR-r 

^Jgffl-f h INV l~3£:fcj*55fc 

r t iz -e n-en g & s bhkse t t ffM £ ft t v ^ s * © 

fefcx.lt NMOSQN4, QN5, QN6©&Hfitft' 40 
EBU Vthn4 >Vthn5 >Vthn6 ££ft> MIH#NM 
OS©H««E©***C»J5BUT, PMOSQP4, Q 
P5, QP6©HM«EB:> |Vthp4|>|Vthp5|>|Vthp 
6 |fc&£ i^CM^ntUS, tUT, £©H«* 
EE©fM»fcon-CBu \-7>i?X*J&&m<D^ti,QB<Dtt 

S. ?IT, fckitt, ^fte.©Hfi«E©llfc Utli 
mJg3Vthn4i:Vthn5, Vthn5fcVthn6^ Vthp4fc 
Vthp5, Vthp5 fc Vthp6 £©&«fiiM£#J0 . IV 50 
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[0 0 8 0] -€• Lt, iffiae#$HSflH W^a=5> h 
I N V 1 ~ 3 i£> -«UC»%«EVdd#ei*n$nfcffla3 

-»HNVl-3lt #ft^y-h-#ftS£g^£ft 
* fc i: * ^flfemEVdd^-^tEpjo^ftfcn 

SE^ftSo Sfe, luIBTkB^Mllj^X' tal©ffeSBB\ 
milBnv^v-^CG©^^ &mm-< yn-$zL-y 
MNV l~3©^-hA*s hvW^ffiinlRf 
©— iHi:88K3ftT^5. HCn ItolB:?-* — h*'*?*ffl; 
fiRf ©flfeiffiii^tiffi'T. WS-^JL- MNV 1~ 

*>=l-v Y INV l~3©tH^{^ h IZ 74 — Y 

Ay^ftT^S. 

[0 0 8 1] IC, mm&ftMRM y^-?J.--y Y I 
NV1~3HU ajROT#A**n5NM0SaRfBfl 
§S2 0 NX VP M O S SIiR$OT[a]S§ 2 0 P F^^igM^ 
ftTSW&ftT^S. lRgBNM0S3ft$JMslB2 ON. 
(i^- b CaiR«^ *gft -5 N M O S QN7~QN 9 {C <fc 5 fit 

jjg£ft£ iwiaPMosa^ffiii»iaB2 op 
tt, y-Miaawt^feSW-scMos-r 

IPl-IPai:, tcaASfty-hCTSIj-SPMO 

soP7~QP9ic,t f)«fig$ftTv^a<, MiaPM 

O S S^ftiJfll|Eie& 2 0 P &«J&f 5PM0 S QP7~QP 9 ffl 

b ^iiStifH«-Mi^{i^-©Ste/i^* s A^$ft a t» 

©T-fe2>» 

[0 0 8 2] ^LT, tuf3PMOS®S?$iJ®(eIS&2 0 
P, iusHNM O SM$RMfflM&i 2 0 N,..»Sffl>f >^n*- 

jl^v M NV 1 Zmt: ItaTt^tS.-frM" 
flfwHi-';HNV2, INV3C^tsb^ 
<HIt*fiat»5*»©i:-r«. 
[0 0 8 3] lufaPMO SStROT@S&2 opc§$n 
SPMOSQP7tt> V-Xt *jfgfl;E V ss *s 93 Jo ^ ft S 
fcfc*>t:> Klz-f >#PMO SQP4©V— ^fcSM^ft 
TV^o buIBNMO SMlfWlffl\°lil§2 0 NCd'g" 

S ft h N M O S QN7l£, V - ^ C ^«E V reg* EpiO £ ft 
SfcfcfcCx Kbf >4«NMOSQH4©V- ! ^i:a»* 
ftTUSo *Lt, mJf Bili^SOTffl N M 0 S QN7© y — 

—9zl=.«/ Y I NV l©SI^/#SiR£fSM?rf £3I*W§ 
f SEL 1 i^Xtl^tls mtBXSWmm PMOS QP7© 

h t: ii> aws^ s e l 1 ©steft-^^epiD ^ ft r 
v^o -rat>%s KEaiRe^s e l i tt^w L/^;i/T- 

WO^-^-^MNVl^IME D>i?b 
^;UTfWIB*fiffl-f >Ji—*J.-y MNV 1 &^S^ 

[0 0 8 4] U±, «fiffl-f >m--^o.- MNV 1 
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^Iffi-O^'-^^--^ h INV2f;:;fc^Tfc^ y-h 

na*?«^ s e l 2 -&Atj£ n&miRmmm p m o s op 

SaWf&J»/8NMOS<W8#BftW-e>*lT^$. IBI 

-f Wt-* I N V 3 C'fc^-CtiU h 
^SEL34»A***l«a*?f9JWfflNMOSQN9fc- ^ 

- b seli ®%.mn ^ifix^nsMsm 

Mm P M O S QP9* S IBI«I}C Ig-tf 6 tlT ^ 5 o 

[0 0 8 5] Cl©,fco£> 2e*fiMaWE©RfcSfiiriB$6 
tgffl-T h INVl~3CJ;5«J5R*n& 

ftmmj w-*m i o ±vaiR»i»i]K2 op, 2 

ONii, >fcii#6ffi[Hl»fcLT©^ma£Sa&#JISt: 

ftuf3#g^Y >A-#P 1 0©-?^ lulB 

igs/B-r w^-^o.--/ h© h5>yx*awj£*is& 
sff t 33 § -r s fc » £ i§ 1 * e, n fc * © t- s o 

[0 0 8 6] -T«efc^ iuaSaiRft^-SEL l~3©a 
iRftiJflllie 2 0 P , 2 0 N-NOA±fC <fc D > l!58B$8iBffl 
>f >A-^a=y h INV l~3fflgfSMU MM 

fSEL i~36D«JEU^.;i/©«Jti&x.^^J:iF[a]K 
touitt, S»cia'3ft«^"C»Mfflt:KWr«. 
[0 0 8 7] 3tgBHS©3gJBffl*S»fillieC*tt 

[0 0 8 8] IRf^SEL ltf/\-fl/^J:*n, a 
S^JflUEPMO SQP7©>7*— hCD^l/^k NMOSQ 

PMO SQP7^ NM'O SQN7{i^">"f"5'o _ Lfci^oT, * 
Jgffl-f ^/jl- y MNV lJC&t^Ts PMO SQP 

4©V-X#1gi6«EVdcU NMO SQN 4 ©V-X#;£« 

[0 0 8 9] — ^ % SiRM^ SELI, S E L 2 o 
U^Ui: 5**15©-*?* a#?f&ffllfflPMOSQP8, QPg®'/ 

— MCtt-tn-PnaWffll^SELl, SEL20Sff 

1"&;b*>;W u^i/0{f^4 s ffiAa^n-5©T% PM 
OSQPg. QP9li^7-r-5o -€■ L/T, IRIfflSlfflNMOS 
QNs. QNg©y- h fcttBirKaW®* SELI, S E L 2 

-r^fc-e-D^u^ucfi^Ep^a^nsoT-s nmos 
hnv3, i nv 4«iig«®i:ma.wntuf5^^na 

[0 0 9 0] #JfC, WffiWtfLm ^S E L 1 ~ 3 ©J&5&2F 

jst-o^T, 03 zm^Tm.w?Zo ■ 

[009 1] 1213 K*$6m§©Sfa&fSSfi©»JB 1 J-* 1 * 
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©?*>, >^^— ^^---y hSratR-r-sa 

tfUl^fSEL l~3*JBj«1-5fc«&CDIlKTfe5. 
[0 0 9 2] jffilO^-^? haWElfctt, bu 
la^ffiffl-f Wt-^iny h©»0-©iMfc[Ill&E: J: 9 fit 

fi8*n^' fcfcAtt, H2t:^-r«t-53a:3aa©»Sffl'f 

10 >;t-:?a - y M NV 1 ~ 3 §#t57kM@Kf 
Ctt, 3o©i£{a®KUl~U3#i&(te>ftT^3o t 

tjLt>^>, mmzmm^ >k— ha^meo:. 3 

Ilffl;t.yh-P 1 ~P 3Sl>*3fiM©7i— X@g&F 1 
ft— WjWS^fcEVddfcttttStu -ffe^^^^KP l~ 

P3hsi^fe7a-xf i~f 3i:« -%i&mnn 

~f 3 comfi&tmm-fgmzntz&ifiR 1 ~r 3 m 
■h* 1 1 ~ 1 3 tz^/uZ-mi&ztir^Zo 

20 [0 0 9 3] ? LT, &fc*.tf* *{40^U 1 #3I*Rff 
fSELl ff^^OlHlSST- SW&C Bu «flB#ffilHlBS 
UlCdiM, flffi-f>A-^a-y hINVlCN 

@S§2 OPC^Jlj'S'l' >A-^^ltPMO SQP7© 

[0 0.9 4] *IBIfi©JKJBc!?«fi«-f >y j v-^^L- v h 

f l~f 3 fctfc ££{£2 0 V@Jg©KmESSIiDf 

30 wWa=»MNVlSffllt5l6tt, $r, 

KP 1 lC^«E$:EpiaLT> 7z-Xf 1 feWWfTS 
CttioT, :.j«P 14>6>«ttR 1 S^bt 

T, ttA-fWWINVUlCA^nilEttnr) 

m%&mti<{ 1 nvu 1 cothtim 

ha«0B£#W 

03tf^n5IlRIfSELlliyWv^i: 

^ntaSWHWfflNMOSQNT^VU aJK$i|fflIfflP 
40 MO SQP7* s ^7-rSo 

[0 0 9 5] fit±, M-fWW^-^INVl 
ftatR-r5»-&K-3V^TKWbfcil«x INV2, I NV 
3©atR*»EI*Cff«:-5ci-fc]&STf*«, fckiltf, ^iS 
ffl-f >/t— h INV2 5aiRT.5»^-ttv >t«y 
KP2CS5«flE*WlDLT'v *ffi@ISU2©7a-Xf 
2&«J»fL-v *Sffl-f>^a->yMNV3SIff? 

FP3CK«flE*BJinUT, *ffi(H]!S 

U3©7i-xf sswwrscfc-eraaicu'cmss© 

50 **Jfiffl»!B-Ctt, 7 JL-XCWWtCt^fSfgta 
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*<, >) ^mtitm?m*m^Tmm.*im 

[0 0 9 6] Z.ZT\ 0 4 \Zfffi»±mEVstotm9l 

m^S E L 1 ~3©g8fi*Co^T©*'r i >^^— h 

'T% «ffiffcit«jEVsto£:, S8fc«EVddfcC:fc^T 
14, < «t*Sif*lSff±«E| Vsto|#* ... 

[0 0 9 7] £-T, 5KK«^SELli6*;WU"<;i/i:£ 
t£J; <3, tSiabfeSltJ;5f5fiffit«EE|Vs 
to|tt, K (I Vth P 7 | + Vthn7) (K : feWO £.1* 
&o f IT, Su§B3I^§^SEL l#D->U-<;i/, 3ft 
lfSEL2iSA-f u^;i/i;;**iS££:C«fcoTs #g*S 
f?lt*E| Vsto|fcfc, K (|Vth P 8|+Vthn8) 

±«jE| Vsto|i±, K (|Vthp9| + Vthn9) Ltt.^ 0 

SEL liW U^;Ufc£ftfcfc*'©SStBffit 
*E|Vsto|#g&{£<, SEL3tf;W i^;i/Jc;**x 

Vstol <«eS. 
[0 0 9 8] #8JBflH hMtR 

n, £ ©*:*£, £-r, fmm<(>rt-*Mi o ^sbr 

£*1fcStRfM0p[ElS&2 0 NCNMO SQN7~QN9CD5fc*GD 

T-a&S£©j£SEVreg©fiii:, ftMRM yn—$=L=- 
y h I NV l~3©^£»Stft£^3 — hSStIs©$J 
ifcCJ: »>$8fiffl-f b©»3W> s fT£*>ft 

[0 0 9 9] 0 5 (a) tt»JBffl>r ^3.= ^ KJC 

(b) fc£, ««l&$SSf?lt«EE|YstoU «tt*3/a- 

hS^EIshbT*t>bfes *Sfit±«ffi|Vsto|fc'>3 

[oioo] &mm4>'i-93--y ho->3-his 

3 P M O S QP S © V £gi&«E Vdd£ EPAD 
U NMOSQNs©V— *£^«EVreg£EP;(j[]U mi 13 
PMOSQPs, IffifBNMOSQNsCftjl^l-iiftSt+'U 
-f>S:->3-h$-y-T> SS6«JEVdd-^«jEVregPJ 

[0 10 1] d©i:£, «fiff±«E|Vsto|fc*6iBfl§ 

-< ^jl- y b©^3-ha^tis©n^©^5 7 

SBbfcJtmEVreg, «JIfM:*EVstotiU |Vreg|>| 
Vsto|*>o| Vreg|SrT-tseitfi<f SfcOSafef** 

[0 10 2] fJSbt,, 8JlB5/3-h«*Isfc:o^T 
14, Hu83PMOS<JPs©*>«E6l±, o*5Hlfia«E| 
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VthpS |JU±, A»o«t,fil,^«EE| Vreg| fcJ&S J;-5 

-TS&gtf&So It, $S18#lt*El Vsto|£*s^T 
14, £#£ftS««*E#NMOSQirs©a->«EW 
T, o$5H(B«EVthnSWT©f|E&«ft^S#S 
Utibt> ffi$SK*#{b©fctf>£d\ cats* 

■ra«i©i6fflrtTf©'>3 — h*«is*«tw»iifft± 

■ElVstolTffcSjfcgtf**. £©*#*»£ 
boo, iE*P©*S©ffi*EfbC**fST § S^gffiffl -f > 

io yt-^o.-^ t^jitR-r 3 h7>^^©^-> 
wst'ss. -r&£>*>, miaiUfei/3— hsatsj^© 
mmijit %mm,? s t» © t- & s . 

[0 10 3] 3©&»JC, I C©tJttEX|ltC43^T, & 

hfeWhffl;^H*fflfflbT, zkfiJgft^jFX' tal 

20 ©S«^\©^mit, &&mm<{ yn—$2L-y mn 

IIH^#MM^ti3l6fflT:il&fSV'>>'3 — Mt$t©'fc>©£ 
3©fc£ I htt>j73i^©«®T-fT* 

</\ ^© i c^^T'rttfignt^nfc^^ MHiss^.tiF 

hffl/W HSffifflbTx' *ft-?ft©I Cfy^Co 

30 [0 10 4] SulB^^ hm^y Ftttfififfl-f 

y)\—$D.-y h©gSc43«tU t 7 L ^ MiKOSiBacjsSD 

f-<4, huIS^^ hffl^lw K^N©A*fff-f-©SEU-^;u© 
li^fo-y-t ioT, 'tfia3jSiR(S^-SEL l~3©o*> 

A s ffM^^^T^^S^)©T•fe•5o ?bt, ~>3-h*glt© 

A^bfcWffiT-fr^t)tl5o C©h#, BUsBtb^v-f > 
40' 10 2 tit^Mt-i'ffi^^ HMPSWfflbT, ^ 
«Ei:ra«?©ft©*EVregftBiia-rsci:{cj;t), hu 
immmJ >JV-9&£.mib9E.VMt.. *«EVreg 

[0 10 5] ^&bT, 2/3-h*«Elsii^«t:, ^JM 
ffiOM-^ii 0©-5-&©&jg£$&jSfl3-i' W<r—*3. 
--^ ««« b, SufB^Sffl-r >m-* - y ), ic*ff6 

#te[E]K{c*tt5 7Ji.-X4W8frU, g®^tgffli'> 

50 [0106] fel±^fc «t o ^> *SUIfi©©«©7ka^ 
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s&ICtfi&iHZTZVtZZ.t&T-gZtzisb. Slit* 

[0107] ccDiotu-r^^nfe^llfiE©- 
^JB©*isffl -f^Hc*tf{ mmmmz o ^ -t © 

#«3&©iI»& J i*«;*ft5. fit, BulB^-hA^St 
JfJCMbt HV-f >m*«3Bttfflffli|S 1 8 OgSg^Jl 
fit, >§SC D «\ iSlJWiMAyh 

u -jsfijsiiasja^w-fcftacLT, TkusssiHiB© 

L/T, fuIBffiStRf, HH'>S«Cd, *ffifi» ; ? 
X' tal, ^-hSJtCG*$tf?>f-H>^y^lHl» 
liHU-f >mZCDm$Z 1 8 0,K5£«!£-!±3*>©T-;& 

[0 10 8] d©£5£> *%K©j&IS©3kii£&£(slE& 
C*>W3$SffiflH Wt-*©fcH;#RM£ti\ «B©*fiffl 

[0 10 9] «±*!d6eDJtJ«©*g«i6E»fc:-^-c 

yt— * a. ^ y h ©jR tttf&ZHTtBttt £ d $ 5« 

[0 110] #SOIE©J&JBC*5^TH\ Hffl[«E©aS!£ 
*%lffl-f>M-^INVl>INV2>INV3, -T 
Vthn4>Vthn5>Vthn6, |Vthp4|>|Vt 
hp5|>|Vthp6|i:U-rlB«UfeA s , CftJcpgS^ns 
:tS<, «fflSI£E©|g^S I NV 1< I NV 2 < I N 
V3, -T^t>*)> Vthn4 <Vthn5 <Vthn6 , | Vthp 
4|<|Vthp5 |<|Vthp6 It LTlS^-rSCltfeT-t 

[oiii] <m.mmm 2 >«c, si 7 zm^x^n . 

[0112] #aafi©JBJIB©£«EE$8£[sl»HU 

> -?(D-yi(D xtsmB^UM-r a n m 0 s 

*Sfc5H««EECTiBfiJtU S583M^0 N M 0 S © 3 

*>fi:S& n m 0 s zmtR-r -5 z. t #t? * s i -5 c & 

©T-&3o 

[01 13] *3l«S©»!B©^«E#B^Isltttt, *^7" 
>70F£, MSWm®&3 0 fc, hNMOS 



(12) #H¥1 0-2 1 3 6 8 6 

22 

QNih, £«Effil&IIIR4 0 -A^fflPMOSQP 2 i: 

[0 114] mttt^y >7"0PS, +A*^?i:-A 
fciirFfcSWU +A#iTPtti£«EfM»iaES4 0 £«fc 

saw 6 nfcmfsaaiRWffliffl PMosQP2£<fct> mmzti 

SlffSfltS. fit,, mUB^r^TV^OPli, luIB 
+ WAD £ftfc*Efcx -AfciH^CBJioSn 

10 &«ffii:©«ffia&tilBLTa«rrs. SufB-A 
AfflPMOS QP 2 I^ t tt»Jft«E V sstfBMra * 

tmmznx^z, 

[0 115] mMtatl^- hNMOSQNi(±, BuIB^j-^ 

7>7opoai7jsy- Mcsit5t0t-fe?t> ja 

h*U-Y >4»««flE«^lsIB©m*7^ > 10 2 fcffi 

it££;ft.T g;fc s milBttS^y- hNMO SQNi©V 

[0 116] UI3^«ff»J®[ElS&4 Ott, NMOSQN10 
20 ~QNi2*^T-«fig$tlTV^„ C©^HE$iJ®][5Ig§4 

HtifB^-^ 7 > 7* O P © + A***?© Xt/Mfr * »J»-r 3 

cit;ir3T»j»-rafc»©iHiBTf»r3Tx J§i©mtfi 

i:-, ]S5IBaSl©«{i!cJ;t)t»iftV'»»2©«ffi©ffi|K:ia!We» 
ttfcmjIBNMO SQNio~QNi3©^©^- h* > 
A^at^ZVT-OPW-At/^iC^^tlT^ 
5. rJEtto-fe, BuI3NMOSQNio~QNi2©$KU'f >S 

V-*a*aiRflJ»lslK3 OS^bTStE 
30 «^EllS©til*5'f >1 0 2C«SW«jt:fi?«!*n-rv , > 

-2) o . . :.„ 

[0 117] CdT% BU§B^«ff$iJfflI»NMO SQN 10 ~ - 
QNi 2 l±> ***!6:5H««EK:T^*n-c:*5, SulB 
NMO SQNio©BSIfiSEVthnl 0, SufBNMO SQN U 
©HfiMflEVthnll, HulBNMOSQN 12 ©^feSJEVt 
hnl 2«u fz£z.&, Vthnl OVthnl l>Vthnl 
2©S&i:&3 «ta(CffM^tlT^-So -f LT> d©« 
^l*£E©$OT^O^^T(i^ h 7 >^^^ffM^F©^f^ 
©?T *> ii^ffiJK *#JW-r 5 i C «t D ^fiEf 5^ hi£X~ 
'40 §S 8 C©t#, fckAtf, Vthnl Oi; Vthnl 1, V 
thnl 1 OVthnl 2 i:©g-«{4HI± 0 . 1 VgfltCfS 

[0 118] f UT, ffiiEbfc«fe-5C,.»iRfl?JfflllHlB3 
O^s HufB^mEEffiiJfflI[e]S&4 0 kSf«$nTKW&nT 
^S. "Tftto-fes Suf3^«E^JfflIfflNMOSQNio~QNi2 
©*^©l«U-f >ki^«JCS«*nT, S-y-htTil 
H?»9*S(t«aiR«iJ»fflNMOSQIIi3~QNi5*«*4'*f 

*s l t 8ft w e> nr v ^ s o mmmvmmm n m o s qni 3 ~ 

50 -f > 1 0 2 kS^c^nT*j5> H5f3i±J*7-l' > 1 0 2© 
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MtiLW HKtt C ««E3g£ 13 S&© tB * *E V reg t £ 5 
2> 0 

[0 1 19] ^bT, ftuf33IfR«^f£> SUfi©^® 1 © 

*ffiPJ»laIS&£fllrit?"SNMO S©-5 *»© 1 oftas?-r 
a&»©«*7f*»), 3liRfi^SELi 0AWi^;u 

T-NMO SQN 1 0 £»S"H*JBk S E L 1 1 AW 
T?NMOSQNn*.a»?tt38, SEL1 2 j&W U^;i/T- 

mmrnm ^ s e l i o ~ 1 2 a*** ^;i/T-stiiaN 

MO S Wio~Wi2&3fc*#»#ttJBi:TS ' i:* 5 ^ 

So 

[0120] mmfemmm®®* oitmm.?z>**m 

ffl«E©S^SNMOSQNio~QNi2(i:> ^«EE*^@IS 
C X. *) tifzfeniZ V reg£ BMHttM-CMtitr Z> 
fca&H, tf|ffi;£*flEJH»!a»4 0©5*©1o©NM6 
Sict»«ntCJ:^ ^-^7>7-OP©+A^;iSg 

^© epjD*Ef £ t>% - xtim=f-^(o mums, t com 

mKZMiRTZZ. £&X£, mIIB^^T>7'0 P©tii^ 

[0121] f&fc-^ h5IB»^«^ S E L 1 0 ~ 1 2 
©SlRSOTIelSS 3 0 ^.(DXts t i t> , MfS^SJIftJSPfHl 
S& 4 0 $r«J5K-r ?. N M O S QNi3~QNi5©^" >2f 7 Srfljffll 

"T 3 1> ©T' & £ „ d ©jllRfi^- S E L~l" 0 ~ S E"t 1~ 2" 

iz7jkT\Eiffi£mncD&<D*&mu isi«©to»)#x.^^ 

CitHKOTSELl 0-1 2 £ffM-T£d 

5 ©t- d d t* ttiftBittassr 5 o 

[0 12 2] mz, ^QB©»JB©««BE«5fellIBSfc.* 
'tt^ *«E««WlHlK©aS?*iSt:ov^TBiW"r5« * 
HS£©ff£!®T*fci:> tfcx.lt NMO SWioSSKR-rS* 

[0 12 3] ItRif SEL 1 OAVW U^bfc^tls 
aiRf&JSPfflNMO SQNi3©-y- hCn-f U^KStEtf 
EP^Q^ti-SfcS!), SulBNMO SQNi3(i^->-T-5o bfcA* 
*«E«I»I1»4 0C*VAT, NMOSQNio©V 
— ^4s*>ttJB©NMOSQHl S^bT«*«EVasi: 

ftNio^SlR-T 5 £ £ AST- £ 5 o 
[0124] liRI^SE L 1 1 , S E L 1 2 fct 

JtCB^l/^^^ftSCC, 5MiR$lJfflIfflNMOSQ 
Ni4, QNi5©y- b CttftffiBaWfS * S E L 1 1 , SE 
L 1 2-rJoCt)T&or>u^.;i/cr)fi-?-dSMn^n-5©T% N 
MOSQN14, QNi5f±;t7-f £o iot, 3£«E#J»fliN 
MOSQNn, QHi2ttiBo«aii:«SSWC«IO(B*naJR* 

[0 12 5] CldTN 0 8t*«EVreg4:aS?«^S 

E L 1 0~ 1 2CDm&te-3^X(D?'( 5. W=f->?— h£ 
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T% ^SE|Vreg|fc, gttMtEVddfcCfc^-ttt, '2 
«EEtf*S<ft5Hif*«E|Vreg|<)S^:§<a5*,ffl 

[0 12 6] $-*\ ?IiR«^SEL 1 Oj&W u^;ufc 
Zti&ztlzJ: t» % Hfli£b;fc«fc5l^ j£«EB\ |Vreg 
| = a (|Vthp2 | + Vthn) (a:S») T'ltt^fc 
A s T-*-5©T% S«El Vreg|&a ( | Vthp 2 | + Vthn 

10) i:&£<, LT\ SWaSiffltSELlOisoiJ 
10 MifSELl 1 AW U^i^fiSIi: 

triot, ^SE|Vreg|iia (| Vthp2 | +Vthn 1 

1) i:&-5„ itutB3I#?fi^SEL l lt^wyu^ 
)\s, liRif SEL 1 2AVW \>"<)l<h£tlZZ}ii,ZZ 
r>X, £»E| Vregllia (| Vthp2 | + Vthn 1 2 ) £ 
JotSo OS 0, S E L 1 0 AVW U^OUlZ^tifzt. ^© 
£«E I Vreg| ASft^fg < , SEL3#/W U $ 
ftfefcgic^SEl Vreg|tfft*>£S<&.6.- 

[0 12 7] £Z.ZX\ SulBbfcJ;^ ^*E©JfflI|5I 
SS4 0t:§$n5NMOSC0l«li < I213£^-f[5]g§fc 
20 H*©3»R«^J|£fi&@»CJ:tK ICOtiXgti'U 
T7a-XS«Dfft5di:CJ:t)fi4fcn5. II 

7i-X©WS&r££3tf$Rt2tS?ji£T-&< t$>s 
^ U -?>f Btt*?* * ffl ^ T t»?R S IBtt * * 5 d i: * 

--[01 28] 8Sfa^«E»JWIlI»t:$*n5NMOS© 

a*Ric*^rtt^ *jfi©jKJBi-e*^fc«t-3c. ^« 

EVreg, :?gtgf?ltSEVsto«U | Vregl > I Vstol A^o 
I Vreg|Sfg<-r5fc^aM*©*f*^^fe$^^n{£ 
30 ^?>5SV>„ Sfij&L;fccfc-5£, HulB^ig»±«EVsto 

- SQN 0 , "PM-0-SQPo©Hflt«£EVthnO, |Vthp0|ttt 

^ h/s^y h-t:wr-s«Eu^5:§iJ®b"r> atRfs 

f SEL10, SEL11, S E L 1 2 ^Ilit^N-f 
;i/fc-TS. ddt% t 1- ^ h 0S§(£> 'MMcoMM l (3|B<c 
bfeBtlfB^X MUS&fclRHtJ-N SIjIB^X hffl/'^v K^© 
A*fit^©<ft*-&i3*t«tt)^ S^fS^SEL 1 0~1 

40 • x ^ ■ h ffl ^ «y k a: i o ^ tz &mm& It S d t As f S 5 . 

[0 12 9] ^bT> *«E$iJ®fliNMOSQNio~QNi2 

> i o 2£.femzntz ; t-t>m>^j kmpctsiev 

reg^Ste-T-S, d©fcg, I Cr7 hlif x^Cttl 
T-fT>3:v\ ^^©1 C^-<y 7*1*1 tiSlt^tifeBtilB^X f- 

bT*^© I C?->>7 , tCOOT^aEVreg©jaiJ^A s ff 
&t»ns. Sl^tltts ^«E*J^[hISS4 0, a 

tR$iJ®[§SS3 QCDfritTtfTJ 7t£tl. ffe©^li^ 
50 7^7- -i yttMhZtlX^ZbOX&Zo 
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[0130] ^lt. m&ojmi iztmLtzx?^ 

J&j«*nfc««Ef6^lHlBSlc*v>T*«S»J»lalE&4 0 

afiiB^i/fcaia&NMostssi^nfc 

»fflNMOSft lojtW^S. 
[0 13 1] ;*£E8K©B!B©J£«EE$8£IhI1&Ico 
^TS&fEbTtfeA^ ftuiEbfeioi^ *SQKOfl5JB<0 10 

tt«05£*E | Vregl £J£fiK-f 2 £ 2: *«f«i:f S &© 

[0 13 2] ifcftfflMtffcJBCfc^'rtt, H&6P«TO«E 
£ W -T S £«Ef&JfflIffl N M O S £ 3 UMX & Z> t. b T 8£ 

-f£.Ii:#T-£, EWEse«ffi»!fc®fc©*M&lsll&©S 20 

t> ;£«E$iJ#OT N M O, S ©2K i: *JfS * * T aft ft 5 £ £ # 

[0 13 3] **J(SCWgMlt:*iV'>'rO:, GB«ME©aft£ 
^fEWfflNMO SQNio>QNii>QNi 2 > "T&fc^ 
Vthnl 0> Vthnl l>Vthnl 2tbTgB«bfcAV 
Ctif;:PS/g£ft3-i:&<> HM*E©aS:/££QNio<QN 
11<QN^ "T&fc^K Vthnl 0 <Vthn 1 1< Vthnl 
2 £ bTaSsTf £ -Z. i: * T* * 5 o 

[0 13 4] st, ■mmmm, 1 , 2 1 b 

*il$IHg@l&©*SigJB'f >^-^CtlMffl'f 30 
£**>©, ■je«EE$S£l§li&©?£«£EfM 

1SItHlSS©gjiNMO SS»tR-C'£5 ; &<Z)i:bT»J*K0 l J . 

JK65JE&JIB 1 <Dfems.ft£®m t , mmmm 2 ©*a« 

^SnSC^tt^oST-fc&^o ±©«£\ H5l331tR 
f*SELl~3 fcj&frf 4* 1 ©StRfa^fi£[HlE& 

^ fljaaatRfi^ s e l 1 0 ~ 1 2 zw^-t zw. 2 ©a 

1 ©aftflrej&SEIBi:* 2 OjKR«-^JKfi8lHl»ffllHl8S 
-h««EWfeB*i:, £«EVreg©ffljeS5*i:fc.fc* 

«*£*>■&©+*» e>«a«eii*^t)**awJ"5 - 
[0135] mmmm 1 , 2 sfflv^r**w© 
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J&SlHlBti b fc EiBMftjftlc pg£ £ n £ 3 £: & < 

©^»f<iiS«iE©epiDt-^ < u—*r—tzxtf u -> 

[0 13 6] <HJE©JB!B3>*C, B9 CBHSJi-fcffl 

^ e n 5 lugs©— #j £ n-c ^5 . 

[0 13 7] £©B6l5tf-HU H^bfc^S&WWIIfcrtK 

«6S©[HeiIA s [51teU ^©^©SifP^I/^-Ki 

en&^s^-f ;u3 o.o^^^fl;ffiA s ;±s^^n-5o 

[0138] £©SE»t*E#H ^-f b* 3 0 2 T-S«t 
$>U — &*r&3 0 1^3E«-rSo Cl©-^*vfe3 0 1 
tt> #E[h]S§3 0 3*«ttWil&=i>7 f >-y-3-0 4fcttC 

[0139] ^mm<DBmx'^ -&*ife©mE#{g< 

TRrSfCSBftWEJcatfcft^fcSttt^ #jEi]S§3 0 3 
t «t ») — ««ife©*ESBtitffi»infB&aB«£Efc:S» 

b> Mfiljn^^^v-y-S 0 4t:flt5. ^bT> ci©« 
fi?j=3 >^>1t 3 0 4©mj££fl;if i: bTB$H-[l]S&* s »J^ 

[0 14 0] d©B#tt[H^li> m&OMMl, 2CIB« 

ffifil^nTfe!), ;:©*«#iga«?£^bTgeM£ 
nfcTfc^iSft^x' t a i ^^v^T^4^)is«^^^fc^^g 

ffljfijK. dd-?3 2 7 6 8Hz©ffl«»©$SffiaWj££ 

iu -©^stH^^^-JH-rsch^^Ds 

S. ^©Igib/'Vi'^tts !&it\Elf&izfflgi£titzZ : Ty7 r 
^E— #cp$B$bzi<{ ))/3 0 6^A*^tiSo ZtiCiDs 

rtCD— ^5:(Hltelgl!/b, m^bJEcV^tfC^iK ft 
^t+^SEteb, KF*iJ*«^«fc:7 , ^-n4« r ^l-sci 

[0 14 1] cct, *^©JBJK©RpW-|hIBS3 3 0 

Huifibfc^SiSA^e.ft^^nsaEc.toiBiij^n 

S«#«E(H]SSgB2 2 0 ^(DmMMKi^Z.comX 
(rf3«obfe^«E^^lE]SS2 1 Oi:, d©««EVreg 

[0 14 2] 01 0(c«s Hu83B$IttHlES3 3 0©i9i¥ 

[0 14 3] ^«E«K^lHl^a5 2 4 Ott, ^ffl»ll*n 
fc7X^tgl&^X' t a 1 4-gi5^c#^r-|g^^E^^^fcll3S 
©ff$^ l tclB«bfc7j< a ^tS(HlK2 0 0 i:, 
— h201fc, ffiffl*^JS|5]B2 0 2fc*^T«J«* 
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[0144] mmmmmi±®ffi%b 22011 u^ju^y 
$ 2 0 3 (ffiJ3*^ffliHiBS 2 0 4 ts *©flb©@i&. 

2 0 5 tS^fifiE^nS, tt*>\ #HS£©ff£.l*©B# 
ItHSST-tt, Btj!B«ilg«E[HlSSgl5 2 2 0 ^ ^«E«^ 
0SS2 1 Otlt n5«ffiC J; 5 

[0145] mibk&fom®& 20011, 

X' tal*ffl^taf«iSSfs = 3Z 7 6 8Hz© 
IEa«ffl*S*H&SJ&y- b 2 0 1 CHiAt4. 
[0146] iirfB«SBSBBy- h201lt C©IE3tift 
tttfjS$©&«C8J&bfcSL S5Ja8tfWSl]i&2 0-2^* 

[0147] itmnm&ftmmmz o 2«\ svjattft 

3 27 6 8Hz&2 0 4 8Hz * T-^-JH U -e©#JHfcB 
27*l/^;U*>7* 2 0 3*^UT4MSffl«80WSlHlK2 
0 4~.\ht}?Z> a 

[0148] mitti&m$t®.frm\Bi& 2041*, 204 

U ^©flfe©[e]E& 2 0 5^A^-T5o 
[0149] Bilte^WffeWlHlSS 2 0 5I4> 1 H z CD#M1 

[0150] ^mmm<Dmmm\z^x, ^mm 
& t> mt6 ^ns mmms. v ss iz «t d mfe±tt#£i(r * n 
5«««ffiiW^iHiBffl2 4 oeijn:, cnt .toffies 

«EVresT?S»*ns^«EIM^lHlB»2 2 0 

[0 15 1] -r&fc-fex CCtdfeBStHUK-CHU JUG 

[0 15 2] [§S&©rf ©^©jsssfe 

[0 15 3] C1^T% fifH-ElttC*BbT#Si:, ESS 

v>„ c©^«E^4{e1K2 1 0HU StJS©J&!B2t:iafl 
bfc «fc a mflBTlciM&tBIlIK 2 0 0 ©$gffiiW£M« 

§ o 

[0154] m*mmitt3\sXft&£, mm 

@S&li> f!#Jl^S(* s ^VvK^^Sll]S& 2 0 0, 8ffl£S 
fl^- h201, SfflttdJllBlft 2 0 2 1:, -tnetfl.® 
0SS2 0 5fcC^»J-rs^i:**"C*S. -©ff-^©Ml« 
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